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ABSTRACT 

From explorations in several parts of the forest of Bali, 24 species of Dendrobium orchids 

were identified. Relationship among these species needed to be mapped for further 

development of orchids. Characteristics of leaves anatomy have been used to determine 

relations among plants. Characteristics of anatomy that were observed in this study from the 

paradermal and transversal cut of the leaves were shape and number of epidermis cells, 

location of stomata, the direction of stomata opening, shape and number of stomata, length of 

the epidermis and stomata, density of stomata, index of stomata, and thickness of mesophyll. 

Analysis of relations among species was displayed as a dendogram, using the software 

Minitab 17 Vis. Analysis of relationship among 24 species of Dendrobium Bali based on the 

leaves anatomy used grouped average method in squared Euclidean distance with the scale of 

0.349 to 0.972. At Euclidean distance of 0.349, two clusters were formed where D. aloifolium 

and D. subulatum were separated from the other clusters. At 80 % similarity coefficient, seven 

clusters were formed using similar method, with the 3rd and 5th clusters had the shortest 

distance (169.35). If species that were clustered together were cross-bred, the success rate was 
higher; meanwhile, the further away the relation between species, the smaller the success rate 

of cross breeding. The possibility of getting high-quality genotypes was higher when the 

cross-breeding was successful.  

Keywords: relationship between orchid species, Dendrobium spp Bali, characteristics of leaf 

anatomy 

 

INTRODUCTION 

Dendrobium is a type of orchid that has 

high genetic variety, with counts for about 

275 species among 1600 species of orchids in 

the world (Gandawidjaya and Sastrapraja, 

1980; De et al., 2015). Its spread pattern 

starts from coastal area to mountainous area. 

An exploration done in several forest areas in 

Bali found 24 species of Dendrobium orchids 

(Darmawati et al., submitted). Relationship 

among these orchid species needed to be 

mapped for further development of orchids, 

with one of the mapping methods was 

through observation of leaf anatomy 

characteristics. 

Characteristics of leaf anatomy have 

been used in many studies to determine 

relationship among plants (Yulia and Juliarni 

2007; Rompas et al., 2011; Hafiz et. al., 

2013). Leaf anatomy characteristics that 

became the object of the current study were 
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internal structure of plants such as leaves. 

Leaf anatomy consists of the internal 

structure of a leaf, such as shape, type, 

structure, and number of cells. Several 

anatomy characteristics could be used in 

taxonomy classification as stated by Fahn 

(1991).  

Leaves are one of the organs that get 

direct impact from the environment, 

especially radiation of the sunlight. Sunlight 

is used by the leaves for photosynthesis 

process. The environmental conditions such 

as salinity and sunlight radiation, are 

responded by the plants and shown in the 

form of adaptation either morphologically of 

anatomically. According to Hidayat (1995), 

leaves are highly varied organs, both 

morphologically and anatomically. Therefore, 

a study on the anatomy of leaves of 

Dendrobium spp was needed in its spread 

area in Bali. This study was aimed to explore 

the relationships among Dendrobium spp 

Bali, through observation of leaf anatomy 

characteristics in order to improve the 

database for plant identification for the 

purpose of plant breeding.  

  

MATERIALS AND METHODS 

Materials and equipment 

Materials used in the study were leaf 

samples collected from 24 species of 

Dendrobium found in Bali (D. 

acuminatisimum, D. aloifolium, D. aphylum, 

D. arcuatum, D. conspicum, D. cruminatum, 

D. fimbriatum, D. heterocarpum, D. inflatum, 

D. lineariforium, D. macrophylum, D. 

plicatyle, D. rugosum, D. salacsense, D. 

scundum, Dendrobium sp Sepang, 

Dendrobium sp Wanagiri, D. spathylingue, D. 

stuposum, D. stuartii, D. subulatum, D. 

spurium, D. tetraedre and D. truncatum). 

Chemicals used were 70 % ethanol and 

Safranin dye 0.25 %. Equipments used were 

light microscope, Optilab, laptop, object 

glass, cover glass, Pasteur pipette, cutter, 

label sticker, Erlenmeyer flask, and digital 

camera.  

Research Methodology 

This study used descriptive research to 

describe and interpret the structure of the 

epidermis, stomata, and mesophyll of the 

leaves of Dendrobium spp Bali, based on the 

method developed by Woelaningsih 1984; 

Hidayat and Suradinata, 1990; and Rompas 

et al., 2011. The steps performed are as 

follows: 

1. Sampling was performed at morning time 

in the private collection garden and 

samples were then put in a cool box 

containing ice before they were 

transported to the laboratory. 

2. Fully developed leaves were used as 

samples and cut longitudinally at the 

upper and lower parts of the leaves as 
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well as transversally in order to observe 

the mesophyll part of the leaves. 

3. Each cut was put on the object glass and 

added with drops of water. A drop of 

0.25 % of Safranin dye was added to 

help the observation. Samples was then 

covered with the cover glass and 

observed under the microscope at 100x 

and 400x magnifications. 

4. Microscope was connected with Optilab 

after getting a clear image and 

magnification was adjusted to 268x 

magnification. Next, the image was 

captured using Optilab and the results 

were observed directly on a laptop 

screen. 

Observation 

The structure of epidermis and stomata 

was observed from an angle at 268x 

magnification. The variables that were 

observed were seen from the paradermal cut 

of the leaves of Dendrobium spp. Bali 

including: shape and number of stomata, the 

length of epidermis and stomata 

(measurement of complete epidermis and 

stomata was done on the longitudinal cut of 

the leaves using the software Optilab Image 

Raster with μm as the measurement unit), 

density of stomata, and stomata index. 

Density of stomata was counted based on the 

number of stomata per observation are (0.25 

x 0.25 mm2), while stomata index was 

collected by calculating the number of 

stomata per total number of stomata added 

with the number of epidermis and multiplied 

with 100. Observation of the transversal cut 

of the leaves was on the thickness of the 

mesophyll by using the application Optilab 

Image Raster (μm). 

 

Data analysis 

Data collected were analyzed with 

descriptive analysis by drawing and 

interpreting the structure of epidermis and 

stomata of the leaves. In order to know the 

relationship among species, dendogram was 

prepared where quantitative data were 

averaged and analyzed using the software 

Minitab 17 Vis. 

 RESULTS AND DISCUSSION 

 Leaf Anatomy Characteristics of 

Dendrobium spp Bali 

In general, the shape of leaf epidermis 

of 24 species of Dendrobium spp found in 

Bali was similar; there were long leaves, 

pentagons, hexagons, and irregulars, with 

length ranged between 16.15 to 58.96 μm 

with the number of epidermis ranged 

between 26.33 - 130.00 cells/observation 

area. Even though there were differences in 

terms of shape of epidermis, ontogenetically, 

the epidermis was uniform. The structure of 

the epidermis was neatly arranged linearly, 

with strong structure morphologically and 

anatomically since it consisted of 
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highly-dense cells with almost no rooms 

between cells. 

Leaf stomata of the 24 species of 

Dendrobium found in Bali was surrounded 

by four neighboring cells, two parallel 

neighboring cells on each slide on the right 

and left, and two neighboring cells located at 

the end of each axis. The number and 

structure of neighboring cells were 

determined by the species of the plant 

(Salisbury and Ross, 1995). In leaves with 

parallel veins, stomata were structured in 

long lines and formation of stomata was 

started from the end to the base of the leaves 

or basipetal (Hidayat, 1995). Location of 

stomata was mostly at the bottom part of the 

leaf surface (abaxial), except in D. 

macrophylum, D. plicatyle, and D. rugosum 

on both sides of the leaves (amphistomaty). 

Direction of the cell opening of the stomata 

was parallel with the neighboring cells, 

except on D. aphylum, D. macrophylum, D. 

rugosum, D. scundum and D. spathylingue, 

was observed vertically.  

Overall, the stomata of the leaves of 

Dendrobium spp Bali shaped like a kidney 

and it was categorized as anomocytic as in 

dicotyledonous plants. This result showed 

that not all monocotyledon plants had 

halter-shaped stomata. The stomata was 

observed in a closed position, except in D. 

rugosum whose stomata opened at day and 

night times, as observed from the open pores 

(Fig. 1). Stomata open when the cover cells 

collect water and expand (Salisbury and Ross 

1995). Increase or decrease of the size of the 

pores of the cover cells is due to the change 

in the turgor pressure in the cover cells (Fahn 

1991). Pores among cover cells were formed 

due to the crack of the cell membrane 

(Kartasapoetra 1988). The number of stomata 

could be observed in Dendrobium spp varied 

in the observation area, with the highest 

average number of stomata was found in D. 

salacsense (18.33), while the least number 

was found in D. aloifolium and D. subulatum 

(1.67) with irregular distance between 

stomata.  

 

 

 

 

Fig. 1. Structure of epidermis and stomata of the leaves of D. rugosum 

Stomata density is an important 

character that affects gas exchange (Pandey 

et al., 2007). The leaves of Dendrobium spp 

Bali that were observed had a density ranging 
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between 35.088 - 385.965, with the highest 

density was found in D. salaccense. 

Dendrobium that was classified as 

Grastidium (D. salaccense and D. 

acuminatisimum) tended to have high 

stomata density. The value of stomata density 

is affected by the size of stomata, where the 

smaller the stomata, the higher the density 

(Willmer, 1983). According to Howard, 2006, 

size of stomata is affected by the leaf 

thickens; the thicker a leaf is, the bigger the 

size of its stomata. This phenomenon was 

observed in the leaves of D. aloifolium and D. 

subulatum (Fig. 2). Stomata density affects 

the leaf ability to tolerate lack of water. 

Leaves with high stomata density can survive 

better in the condition of water scarcity (Sun 

et al., 2014).  

Stomata index of 24 species of 

Dendrobium observed were ranging from 

1.98 - 13.93, with the highest value was 

found in D. aphylum, while the lowest value 

was found in D. subulatum. Stomata index 

shows the ratio between the number of 

stomata with the total number of stomata and 

epidermis. The index is related with the 

change of the area of stomata and epidermis.

 

 

 

Fig. 2. Density of stomata and leaf thickness of D.salacsense (A),D. aloifolium (B) and  

D. subulatum (C). 

 

Relationship among Dendrobium spp Bali 

Results of relationship analysis among 

24 species of Dendrobium Bali based on the 

leaf anatomy characters using grouped 

average of squared Euclidean distance of 

0.349 to 0.972. At the distance of 0.349 or 

34.9 % similarity, two clusters were formed 

as shown in Fig. 3. Based on these clusters, 

D. aloifolium and D. subulatum were 

separated from the other clusters. This 

A 

C 

B 
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phenomenon shows that both Dendrobiums 

had the furthest relationship with other 

clusters. 

At 80 % similarity, seven clusters were 

formed using similar method, where the 3rd 

and the 5th cluster had the closest distance 

(169.35). The 3rd cluster consisted of two 

species (D. aphylum and D. cruminatum) 

with the characteristic variable of thickness 

of leaf mesophyll (SD = 45.9).  While the 

5th cluster had six species in it (D. 

macrophylum, D. plicatile, D. rugosum, D. 

spurium, D. stuartii, and D. truncatum) with 

similar characteristic variable (SD = 55.2). 

More similarity in the anatomy 

characteristics of the orchids observed 

showed closer relationships, while less 

similarity showed further relationship (Sokal 

and Sneath, 1963). Based on this relationship 

analysis, in terms of plant breeding, species 

located in similar cluster had higher success 

rate in cross breeding, while the further the 

relationship between species, the smaller the 

success rate of cross breeding, and the 

possibility of getting genotypes with high 

quality could be higher when the cross 

breeding was successful. 

 

 

 

 

 

 

 

Fig. 3. Dendogram of Dendrobium spp Bali with average Euclidean distance 

linkage of similarity index 80% 
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